Three products are synthesized by adjusting current density and quantity of ionic liquid [Bmim][PF6] in electrochemical oxidation of piperazine. The molecular structures of N-methoxyl piperazine, Ncarbonyl piperazine and N, N'-dicarbonyl piperazine are determined by infrared spectroscopy and gas chromatography (GC)/mass spectrometry (MS). For application, the inhibition effect of the three products on the corrosion of HP13Cr steel in 20% (weight %) HCl solution was studied by means of weight loss and polarization measurements. The experiments revealed that N-carbonyl piperazine and N, N'-dicarbonyl piperazine show 91.0% and 95.2% inhibition efficiencies respectively at the concentration of 3% (weight %). However, the product of N-methoxyl piperazine has no inhibition behavior.
INTRODUCTION
Ionic liquids are increasingly recognized and accepted as novel, green solvents and catalysts with great application potential in electrochemistry, catalysis, synthesis and separation based on their special physical and chemistry properties. The use of ionic liquid as an addition has been researched by many authors. A.F. Zanette, [1] Z. Yang [2] and I. Kaleem [3] used ionic liquids as a biotransformation medium due to their excellent enzyme activity, stability, and selectivity. Y.B. Wei, [4] D. Zhao, [5] X.D. Lang [6] and B. Dong [7] accomplished organic synthesis research in ionic liquid solvents. Ionic liquids are also used as electrolytes in electrosynthesis. [8] [9] [10] Compared to volatile organic solvents, ionic liquids are currently more widely used as solvents due to their wider liquid range, neglectable vapor pressure, and good reusability, which is very important as environmental problems become increasingly concerning. [11] [12] [13] [14] [15] A completely ionic composition is a significant feature of ionic liquids that enables them to have excellent conductivity, [16] [17] thus making ionic liquids potentially "green" electrochemical materials. In this study, the objective products are obtained by adjusting the quantity of ionic liquid [Bmim] [PF6], and the current density in electrochemical oxidation of piperazine. The electrochemical oxidation process is synchronously monitored by a react-infrared (ReactIR) reaction analysis system, and the molecular structures of the three products are characterized by GC/MS. For application, the inhibition effect of the three products on the corrosion of HP13Cr stainless steel in 20% (weight %) HCl aqueous solution is studied by weight loss and potentiodynamic polarization measurements.
EXPERIMENTAL

Materials and apparatus
The testing materials are HP13Cr (manufactured by JFE Steel Co., Japan) oil tube steel discs with the chemical composition of The reaction products are determined by ReactIR Reaction Analysis System made by MettlerToledo Co., Switzerland, gas chromatography (Agilent 6890) /mass spectrometry (Hewlett-Packard 5973), and H-nuclear magnetic resonance spectrometer (HNMR, INOVA-400MHz, Varian, USA). The potentiodynamic polarization measurement is performed on a M273A potentiostat (Princeton instrument Co., USA) attached with a M5210 lock-in amplifier (Princeton instrument Co., USA).
Synthesis of ionic liquid
First, 41.0 g (0.5 mol) N-methylimidazole and 68.5 g (0.5 mol) butyl bromide are blended in a 1000 mL flask and stirred at 70 °C for 2.5 h. Then, 92 g (0.5 mol)/500 mL potassium hexafluorophosphate water solution is added in and allowed to continue to react at 50 °C for 5 h. At the end of the reaction, the solution obviously delaminates. Then, the oil phase is separated, washed using ether and distilled water and vacuum dried at 30 
Electrochemical oxidation of piperazine
In the electrochemical oxidation experiment, the 1 L cell is used as reactor. The anode and cathode are graphite plates and are parallel to each other with an inner gap of 1.0 cm. The regulated DC power supply is used to provide a 25 V fixed voltage. None of the experimental process is heated. Then, 50 g piperazine (hexahydrate), 100 mL methanol and 100 mL distilled water are added to the vessel, using a magnetic stirrer (200 rpm) to stir the solution and further homogenize the electrolyte solution. Different quantities of ionic liquid [Bmim] [PF6] are added to the vessel for the purpose of serving as the catalyst and adjusting the current. The electrochemical oxidation reaction process is simultaneously monitored by a ReactIR reaction analysis system every 10 min. After electrolyzing for 2 h, the power supply is switched off and the stirring ceases. When the electrolyte solution is layered in two layers, the ionic liquid is separated, and the product is characterized using GC/ MS. In GC/MS, a low polarity column and high purity helium gas were used; the split ratio was set as 50:1; the sample was diluted ten times with n-hexane; and the testing temperature was first maintained at 45 °C for 3 min, then increased to 280°C in 10 °C increments each minute and was kept at temperature for 5 min.
RESULTS AND DISCUSSION
Infrared spectroscopy monitoring
The electrochemical oxidation reaction process is monitored in real-time by an IR reaction analysis system, and the three-dimensional stack plot is collected every 10 min. The mixed solution of methanol and water is used as the background. Fig. 2(b) ), which may be the C=O stretching vibration, increased from nonexistence at the electrochemical oxidation reaction beginning to 0.38 at the electrochemical oxidation reaction ending. [18] [19] In Fig. 3 , the absorbance in 1630-1690 cm -1 region, which may be the C=O stretching vibration, is stronger than that of Fig. 2 . These indicate that the electrolytic products molecule contains C=O group and it has been confirmed by the GC/MS results. Table 1 shows the GC/MS and HNMR results of the electrochemical oxidation of piperazine with different quantities of ionic liquid. Fig. 4 is a representative graph of the GC results (the peak of the solvent has been omitted). Fig. 5 presents the possible reaction processes for the three products. From Table 1 , the HNMR data indicate that the three products are detected and possess four kinds of H with different δ, and a corresponding number of peaks are interpreted as N-methoxyl piperazine. According to the same argument, the other two products are N-carbonyl piperazine and N, N'-dicarbonyl piperazine, which is consistent with GC/MS results. Compared with the traditional organic synthesis, the method of this study has the advantages of few steps, short route and mild condition. [20, 21] In Fig. 4 and Fig. 5 , the product is changed by increasing the quantity of ionic liquid, and three products can be obtained by adjusting the quantity of ionic liquid. The critical quantities of ionic liquid for producing N-carbonyl piperazine and N, N'-dicarbonyl piperazine are 30 g and 40 g, respectively. The results indicate that the ionic liquid [Bmim] [PF6] may serve as an electrolyte and as a catalyst. Because the current increases as the quantity of ionic liquid increases, the degree of oxidation also increases as the current increases. 
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Weight loss studies
Prior to the weight loss and polarization studies, the products are purified twice by vacuum distillation and are detected by HNMR. In the weight loss study, the HP13Cr steel specimen size is 5.0 × 2.0 × 0.4 cm, the testing temperature is 60 °C, the time is 4 h and the solution is 20% HCl. The inhibition efficiency (IE) is determined by equation (4), [22] [23] [24] [25] [26] [27] [28] [29] where W1 and W2 are the weight loss values in the absence and presence, respectively, of a carbonyl piperazine inhibitor. The calculated results of equation (4) are shown in Table 2 . According to Table 2 , N-carbonyl piperazine and N, N'-dicarbonyl piperazine exhibit excellent inhibition efficiency, but piperazine and N-methoxyl piperazine have no inhibition effect on the corrosion of HP13Cr.
IE(%) = The weight loss testing temperature is 60 °C, the time is 4 h and the solution is 20% HCl.
Polarization
In the polarization study, epoxy resin is embedded in the HP13Cr steel specimen with φ 10 × 4 mm after being connected to copper wire on one side, and the exposure area in the electrolyte solution is 0.785 cm 2 . Before all measurements were made, the samples were polished mechanically by abrasive papers from 300 mesh to 1200 mesh. Then, they were rinsed with acetone and double distilled water and were then soaked in the experimental solution. A solution of 20% HCl was prepared by the dilution method using 37% HCl solution as an analytical stage. A platinum electrode was used as the opposite electrode, and a saturated calomel electrode (SCE) was used as the reference electrode. The polarization was ±150 mv, and the scanning rate was 2 mV/s. All experiments were performed under unstirred atmospheric conditions, maintaining the temperature at 60 °C. Fig. 6 shows the polarization curves of HP13Cr steel in 20% HCl solution. The corrosion potential (Ecorr), corrosion current density (Icorr), anode tafel slope (ba), cathodic tafel slope (bc) and corrosion inhibition efficiency (IE, %) are calculated by fitting the polarization curve. The results are shown in Table 2 . According to the relation given by equation (5), [30] [31] [32] [33] [34] the inhibition efficiency is calculated. The corrosion current densities of Icorr and I'corr are uninhibited and inhibited, respectively. They are determined by extrapolating the tafel line of the corresponding corrosion potential. As shown in Table 2 , N-carbonyl piperazine and N, N'-dicarbonyl piperazine, which are calculated from the polarization curves, show excellent inhibition efficiency. However, piperazine and N-methoxyl piperazine show no effect on inhibiting the corrosion of HP13Cr. This is consistent with the weight loss results. Fig. 7 is a schematic diagram for the adsorption of the inhibitors on the metal surface. The better inhibition effects of N-carbonyl piperazine and N, N'-dicarbonyl piperazine is due to the lone electron pairs that are present on the O atom of the carbonyl group, which can enter the unoccupied dsp hybridization orbits of the Fe atom to form the chelate compound, ultimately favoring the adsorption of the molecules on the metal surface. The adsorbed compounds block the interaction between the corrosion media and the metal substrate and therefore protect the metal surface from dissolution. Indeed, the N atom also has lone electron pairs, but they reside in the NH2 groups of piperazine and Nmethoxyl piperazine. The NH2 group in HCl solution can rapidly form the quaternary ammonium compound by combining with the HCl, and the quaternary ammonium compound tends to adsorb onto the metal surface via electrostatic interactions. However, adsorption is very sensitive to temperature. The adsorption weakens as temperature increases, and thermal desorption will occur easily at higher temperatures. Furthermore, the ionization potential value of methoxyl (approximately 10.8 eV) is higher than that of the aldehyde group (approximately 10.2 eV), resulting in the weaker adsorption of methoxyl compared to the aldehyde group. As a result of these factors, the inhibition effect of Nmethoxyl piperazine is lower than those of N-carbonyl piperazine and N, N'-dicarbonyl piperazine. 
CONCLUSION
Three different products are synthesized by adjusting the quantity of ionic liquid [Bmim] [PF6] and current density in the electrochemical oxidation of piperazine. As determined by GC/MS and HNMR, the molecular structures of the three products are N-methoxyl piperazine, N-carbonyl piperazine, and N, N'-dicarbonyl piperazine. When the critical amount of ionic liquid [Bmim] [PF6] exceeds 30 g, the product is carbonyl piperazine. For application, the inhibition efficiencies of the three products on the corrosion of HP13Cr steel in 20% (weight %) HCl solution was studied by weight loss and polarization measurements. The experimental results reveal that N-carbonyl piperazine and N, N'-
